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Description 
Technical Field 

5 [0001] This invention relates to an organic solvent-soluble phenylene-containing polymer wiiich has high heat re- 
sistance, low dielectric properties, and excellent processabitity. 

Background Art 

10 [0002] Reflecting the advancement of fine processing technology, large scale integration (LSI) has ever been In- 
creasing in integration, function, and perfonnance. As a result, the circuit resistance and condenser capacitance be- 
tween interconnection lines (called parasitic resistance and parasitic capacitance, respectively) increase to increase 
not only power consumption but retardation time, which is a great cause of reduction of signal speed of a device. 
[0003] It has therefore been demanded to reduce parasitic resistance or parasitic capacitance. One of the solutions 

15 is to cover the peripheries of interconnection lines with an interlayer dielectric film to reduce the parasitic capacitance 
80 as to cope with speeding up of devices. In this case, the interlayer dielectric film must have excellent heat resistance 
withstanding a thin film formation step for producing a mounting substrate or post steps, such as chip bonding and pin 
insertion mounting. 

[0004] Polyimide is widespread as a highly heat-resistant organic material for this use but, containing a highly polar 
20 imido group, unsatisfactory from the standpoint of low dielectric properties and low water absorbability. 

[0005] On the other hand, polyphenylene is known as a heat-resistant organic material containing no polar group. 

Because polyphenylene is, while excellent in heat resistance, inferior in solubility in organic solvents, it is a practice 

generally followed to introduce a side chain. Polyphenylene having a side chain includes polymers described in U.S. 

Patents 5,214,044, WO 96/28491 . and EP 629217. 
25 [0008] These polymers have a basic structure mainly comprising a poly-p-phenylene structure and, In some cases, 

a flexible monomer unit. They are soluble only in specific organic solvents and have poor processabillty. Besides, many 

of them cany a polar group or an alkyi group as a side chain and therefore fail to fully satisfy the requirements of heat 

resistance and low dielectric properties. 

[0007] Further, most of these conventional polymers are produced by starting with aromatic dichloro compounds 
30 such as p-dichlorobenzene derivatives. When a fluoroalkyi group or. an aryl group is to be introduced as a side chain 
In an attempt to obtain a heat-resistant low-dielectric material from such an aromatic dichloro compound, there are 
accompanying disadvantages, such that the synthesis of the monomer becomes complicated, the monomer cannot 
be secured in a stable manner, and the degree of polymerization does not rise sufficiently on account of the steric 
liindrance of the side chain. 

35 [0008] Thus there has been found.no polyphenylene that could fulfill the requirements of heat resistance, low die- 
lectric properties and processabitity and that could be produced economically. 

Disclosure of the Invention 

40 [0009] An object of the present invention is to overcome the above-mentioned problems and to provide a soluble 
resin excellent in heat resistance, low dielectric properties, processabillty and transparency. 
[0010] The present invention provides a process for producing a phenylene-containing polymer comprising polym- 
erizing a monomer comprising not less than 50 mol% of a compound represented by f omiula (1): 
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wherein X represents a group of formula: -CYY'-, 

wherein Y and V, which may be the same or different, each represent a halogenated alky! group, a hydrogen 
atom or an aryl group, or a fluorenylene group; R*^ , R^, R^, R* R^, R6, r7, and R^, which may be the same or different, 
each represent a hydrogen atom, a halogen atom, an all<yl group, a halogenated alkyi group, an allyl group or an aryl 
5 group; and Z represents an alkyI group, a halogenated alkyl group or an aryl group, 
in the presence of a catalyst system containing a transition metal compound. 

Brief Description of Drawings 

10 [0011] Figs. 1 to 20 each show the IR spectrum of the polymers obtained In Examples 1 to 20. 

Best Mode for Practicing Invention 

[0012] Of the groups represented by Y or Y* In fomiula (I), the halogenated alkyl group includes a trifluoromethyl 
15 group and a pentafluoroethyl group; and the aryl group includes a phenyl group, a tolyl group, and a pentafluorophenyl 
group. 

[0013] Of the groups and atoms represented by R1, R2, R3, r5^ r^, r7, and RB in fonnula (I), the halogen atom 
includes a fluorine atom; the alkyl group include a methyl group and an ethyl group; the halogenated alkyl group includes 
a trifluoromethyl group and a pentafluoroethyl group; the allyl group includes a propenyl group; and the aryl group 
20 Includes a phenyl group. 

[001 4] Of the groups represented by Z In -OSO2Z in formula (I), the alkyl group Includes a methyl group and an ethyl 
group; the halogenated alkyl group includes a trifluoromethyl group; and the aryl group Includes a phenyl group, a p- 
fluorophenyl group, and a p-tolyl group. 

[0015] . X in fonmula (I) is preferably a group of fonnula: -C(CF3)2-. a group of formula: 

25 



30 




35 . 

or a fluorenylene group of formula: 
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45 

with the fluorenylene group being prefen-ed. 

[0016] Examples of the phenylene-contalning compounds represented by formula (I) are 2,2-bis(4-methylsuIfony- 
loxyphenyl)hexafluoropropane, b!s(4-methylsulfonyloxyphenyl )methane, bis(4-methylsulfonyloxyphenyl)dlphenyl- 

50 methane, 2,2-bis(4-methylsulfonyloxy-3-methylphenyl)hexafluoropropoane, 2,2-bis(4-methylsulfonyloxy-3-propenyl- 
phenyl)hexafluoropropane, 2,2-bis(4-methylsutfonyloxy-3,5-dlmethylphenyl)hexafluoropropane, 9,9-bls(4-methylsul- 
fonyloxyphenyl)fluorehe, 9,9-bls(4-methylsulfonyloxy-3-methylphenyl)fluorene, 9.9rbls(4-methyIsulfonyloxy- 
3,5-dimethylphenyl)fluorene, 9,9-bis(4H7iethylsulfonyloxy-3-propenylphenyl)fluorene, 9,9-bis(4-methylsuflonyloxy- 
3-phenylphenyl)fiuorene, bis(4-methylsulfonyloxy-3-methylphenyl)diphenylmethane, bis(4-methylsulfonyloxy- 

55 3,5-dimethylphenyl)diphenylmethane, bis(4-methylsulfonyloxy-3-propenylphenyl)diphenylmethane. bis(4-methylsul- 
fonyloxy-3-fluorophenyl)dlphenylmethane, bis(4H7iethylsulfonyloxy-3,5-difluorophenyI)diphenylmethane, 9,9-bls 
(4-methylsulfonyloxy-3-fluorophenyl)fluorene, 9,9-bis(4-methylsulfonyloxy-3,5-difluorophenyI)fluorene, bis(4-methyl- 
sulfonyloxyphenyl)methane, bis(4-methylsulfonyloxy-3-methylphenyl)methane, bls(4-methylsutfonyloxy-3,5-dimethyl- 
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pheny!)methane, bis(4-methylsulfonyloxy-3-propenylphenyl)methane. bis(4-methylsuIfonyloxyphenyl)trifluoromethyl- 
phenylmethane, bis(4-methylsulfonyloxyphenyl)phenylmethane. 2,2-bis(4-trifluoromethylsulfonyloxyphenyl)hex- 
afluoropropane, bis(4-trifluoromethyIsuIfonyloxyphenyl)methane, bis(4-trifiuoromethylsulfonyloxyphenyl)diphenyl- 
methane, 2,2-bis(4-trifiuoromethylsulfonyloxy-3-methylphenyl)hexafluoroprDpane, 2,2-bis(4-trifluoromethylsulfony- 
loxy-3-propenylphenyl)hexaflfuoropropane, 2,2-bis(4-trifluoromethylsulfonyloxy-3,5-dimethylphenyl)hexafluoropro- 
pane, 9.9-bis(4-trrfluoromethylsulfonyloxyphenyl)fluorene, 9,9-bis(4-trinuoromelhylsulfonyloxy-3-methylphenyl)flu- 
orene,9,9-bis(4-trifluoromethylsulfonyloxy-3,5-dlmethylphenyOfluorene, 9.9-bis(4-tiifluoromethylsulfonyloxy-3-prope- 
nylphenyl)fluorene, 9,9'bis(4-trifluoromethylsulfonyloxy-3-phenylphenyl)fluorene, bis(4-trifluoromethylsu!fonyIoxy- 
3-methylphenyl)diphenylmethane, bis(4-trifluoromethylsulfonyloxy-3,5-dimethylphenyI)diphenylmethane, bis(4-trff- 
luoromethylsulfonyloxy-3-propenylphenyl)diphenylmethane, bis (4-trifluoromethylsulfonyloxy-3-fluorophenyl)diphe- 
nylmethane, bls(44rifluoromethylsuIfonyloxy-3,5-difluorophenyl)diphenylmethane, 9,9-bis(4-trifluoromethylsulfony- 
loxy-3^luorophenyl)fluorene, 9,9-bls(4-trifluoromethylsulfonyloxy-3,5-difluorophenyl)fluorene, bis(4-trifluoromethyl- 
suIfonyIoxyphenyI)methane, bis(4-trifluoromethylsulfonyloxy-3-methylphenyI)methane, bts(4-trifluoromethylsulfony- 
loxy-3,5-dimethylphenyI)methane, bls(4-trifluoromethylsulfonyloxy*3-propenylphenyl)methane, bis(4-trifluoromethyl- 
su[fonyloxyphenyl)trifluoromethylphenylmethane, bis(4-trifluoromethyIsulfonyloxyphenyI), 2,2-bls(4-phenylsu!fony- 
loxyphenyl)hexafluoropropane. bls(4-phenylsulfonyloxyphenyl)methane, bis(4-phenylsulfonyloxyphenyl)diphenyl- 
methane, 2,2-bis(4-phenylsu?fonylo)cy-3-methylphenyI)hexafluoropropane, 2,2-bis(4-phenytsulfonyloxy-3-propenyl- 
phenyl)hexafluoropropane, 2,2-bis(4-phenylsulfonyloxy-3,5-dimethylphenyI)hexafluoropropane, 9,9-bis 
(4-phenylsulfonyloxyphenyl)fluorene, 9,9-bis(4-phenylsuIfonyloxy-3-methylphenyl)fluorene, 9,9-bis(4-phenylsulfony- 
loxy-3,5-dimethylphenyl)fluorene, 9,9-bis(4-phenylsulfonyloxy-3-propenylphenyl)fluorene, 9,9-bis(4-phenylsulfony- 
loxy-3-phenylphenyl)fluorene, bls(4-phenylsulfonyloxy-3-methylphenyl)diphenylmethane, bls(4-phenylsulfonyloxy- 
3,5-dimethylphenyl)diphenylmethane, bis(4-phenylsulfonyloxy-3-propenylphenyl)diphenylmethane, bis(4-phenylsul- 
fonyloxy-3-fluorophenyl)diphenylmethane, bis(4-phenylsutfonyloxy-3,5-difluorophenyt )diphenylmethane, 9,9-bls 
(4-phenylsulfonyloxy-3-fluoropheny!)fluorene, 9,9-bis(4-phenylsulfonyloxy-3,5-difluorophenyl)fluorene,- bls(4-phenyl- 
suffonyloxyphenyI)methane,bjs(4-phenylsulfonyloxy-3-methylphenyl)methane,bis(4-phenylsulf^ 
phenyl)methane, bis(4-phenylsulfonyloxy-3-propenylphenyl)methane, bis(4-pheny!sulfonyloxyphenyl)trifluoromethyl- 
phenylmethane, bls(4-phenylsu!fonyloxyphenyl)phenylmethane, 2,2-bls(-p-toIylsulfonyloxyphenyl)hexafiuoropro- 
poane, bis(p-tolylsulfonyloxyphenyI)methane. bis(p-tolylsulfonyloxyphenyl)diphenylmethane, 2.2-bis(p-tolylsulfony- 
loxy-3-methylphenyl)hBxafluoropropane, 2.2-bis(p-tolylsulfonyloxy-3-propenylphenyl)hexafluoropropane, 2,2-bis(p- 
tolylsu!fonyloxy-3,5-dimethylphenyI)hexafluoropropane,9,9-bls(p4olylsulfonyloxyph 9,9-bis(p-tolylsurfo- 
nyloxy-3-methylphenyI)fiuorene, ■9,9-bis(p-tolylsutfonyloxy-3,5-dimethylphenyl)fluorene, 9.9-bis(p-tolylsulfonyloxy- 
3-propenylphenyl)fluorene,9,9-bis(p-tolylsulfonyloxy-3-phenylphenyl)fluorene, bis(p-tolylsulfonyloxy-3-methyIphenyl) 
diphenylmethane, bis{p-tolylsulfonyloxy-3,5-dlmethylphenyl)diphenylmethane. bis{p-tolylsulfonyloxy-3-propenylphe- 
nyl)diphenylmethane, bis(p-tolylsulfonyloxy-3-fluorophenyl)diphenylmethane, bis(p-tolylsuIfonylbxy-3,5-difluorophe- 
nyl)diphenylmethane,9,9-bis(p-tolylsutfonyloxy-3-fiuorophenyl)fluorene,9,9-bis(^^^ 

fluorene, bls(p-tolylsulfonyloxyphenyl)methane, bis(p-tolylsulfonyloxy-3-methylphenyl)methane, bis(p-tolylsulfony- 
loxy-3,5-dlmethylphenyl)methane, bls(p-tolylsulfonyloxy-3-propenylphenyl)methane, bis(p-tolylsulfonyloxyphenyOtrif- 
luoromethylphenylmethane, and bis{p-tolylsulfonyloxyphenyl)phenylmethane. 

[0017] In the present invention, two or more compounds represented by fomnula (I) can be copolymerized, 
[0018] The compound of formula (I) is synthesized by, for example, the following process. 
[0019] A bisphenol compound (e.g., 2,2-bls(4-hydroxyphenyl)hexafluoropropane) and two or more equivalents of a 
base are dissolved in a solvent. Pyridine can serve as both a base and a soh^ent. If desired, a catalyst such as 4-dimeth- 
ylaminopyridlne can be added. 

[0020] A sulfonic acid chloride (or anhydride) (e.g., methanesulfonic acid chloride) is added dropwise to the solution 
over a period of 5 to 60 minutes in a dry nitrogen stream while maintaining the solution below 1 followed by stimng 
at the same temperature for 0 to 60 minutes. The stimng is continued at room temperature for 0 to 24 hours to prepare 
a suspension. The resulting suspension is reprecipitated in 3 to 20 tinries as much ice-water as the suspension. The 
precipitate is collected and further purified by, for example, recrystallization to give bissulfonate compound crystals. 
[0021] Alternatively a bisphenol compound (e.g., 2,2-bis(4-hydroxyphenyOhexafluoropropane) is dissolved in 2 
equivalents of an alkali aqueous solution, such as a sodium hydroxide aqueous solution. Separately, a sulfonic acid 
chloride (or anhydride) (e.g., methanesulfonic acid chloride) is dissolved in an organic solvent, such as toluene or 
chlorofonn. The two solutions are mixed and vigorously stin-ed in the presence of, If desired, a phase transfer catalyst, 
such as acetyltrimethylammonium chloride. The organic layer of the resulting reaction mixture is purified to yield a 
desired bissulfonate compound. 

[0022] The compound of formula (I) can be copolymerized with at least one compound selected from compounds 
represented by formulae (11) to (VI) shown below. 
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(II) 



Wherein R^, R^°, R**^ , and R^^^ vvhich may be the same or different, each represent a hydrogen atom, a halogen atom, 
a hydroxy group or a monovalent organic group; and R^^ represents a halogen atom or a group of formula: -OSOgZ, 
IS wherein Z represents an alky! group, a halogenated alkyl group or an aryl group. 

[0023] Of the groups represented by RS*" in fomnula (II), the halogen atom includes a chlorine atom, a bromine atom 
and an Iodine atom. 

[0024] Of the groups represented by Z in -OSOgZ In formula (II). the allcyl group includes a methyl group and an 
ethyl group; the halogenated alkyl group includes a trifluoromethyl group; and the aryl group includes a phenyl group, 

20 a p-fluorophenyl group, and a p-toiyi group. 

[0025] Of the atoms or groups as R^. Rio, and R^2 in fomnula (II), the halogen atom includes a fluorine atom, 
and the monovalent organic group includes an alkyl group, a halogenated alkyl group, an alkoxy group, an acetoxy 
group, a phenoxy group, and a benzoyl group, the organic group is effective in improving the solubility of the resulting 
polymer. It Is prefen-ed that RS, R^o, R^^ . and R^2 be a monovalent reactive group or a precursor thereof, piartlcularly 

25 be selected from the group consisting of a hydroxyl group, a cartDoxyl group, an ally! group, and an alkoxycariDonyloxy 
group. The reactive group precursor can be converted to a conresponding reactive group through an appropriate treat- 
ment following polymerization. Introduction of the reactive group into the polymer brings about improvements in solvent 
resistance and adhesion of the polymer. 

[0026] Where adjacent two of R^. R^o, R^^ and R12 are each a carboxyl group, the two carijoxyi groups can read 

30 to form an acid anhydride. 

[0027] Examples of the compounds represented by fonnula (II) include p-dichlorobenzene, p-dibromobenzene, p- 
diiodobenzene. p-dimethylsulfonyloxybenzene, 2,5-dichlorotoluene, ais-dibromotoluene. 2,5-diiodotoluene, 
2,5-dimethylsulfonyloxyben2ene. 2,5-dichloro-p-xylene, 2,5-dibromo-p-xylene, 2,5-diiodo-p-xylene, 2,5-dichioroben- 
zotrtfiuoride, 2,5-dlbromobenzotrtfluoride,- 2,5-dliodobenzotrifluoride, 1,4-dlchloro-2,3,5,6-tetrafluorobenzene, 1 ,4-di^ 

35 bromo-2.3.5,64etrafluorobenzene, 1 ,4-diiodo-2,3,5,6-tetrafluorobenzene. 2,5-dichlorobenzoic acid, 2,5-dibromoben- 
zoic acid, methyl 2,5-dichlorobenzoate. methyl 2.5-dibromobenzoate, t-butyl 2,5-dichloroben2oate, t-butyl 2,5-dibro- 
mobenzoate, and 3,6-dichlorophthallc acid anhydride. p-Dlchlorobenzene, p-dimethyisulfonyloxybenzene, 2,5-dlchlo- 
rotoluene, and 2.5-dichlorobenzotrifluoride are preferred. 

40 
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(III) 



wherein R^, R^^^ Rii, and R^2 yf^\ch may be the same or different, each represent a hydrogen atom, a halogen atom, 
a hydroxy group or a monovalent organic group; and R^^ represents a halogen atom or a group of fonnula: -OSOgZ, 
wherein Z represents an alkyl group, a halogenated alkyl group or an aryl group, 
55 [0028] Examples of the halogen atom and the monovalent organic group as R^, Rio, R^^ and R''2 and the alkyl, 
halogenated alkyl or aryl group in In fomiula (III) are the same as those enumerated as for fonmula (II). 
[0029] To have at least one monovalent reactive group or reactive group precursor as R^, R^^, R^^ and R12 is pre- 
ferred for improving the adhesion of the polymer. 
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[0030] Examples of the compounds represented by formula (III) are m-dichlorobenzene, m-dibromobenzene, m- 
diiodobenzene, m-dimethylsulfonyloxybenzene, 2,4-dichlorotoluene, 2.4-dibromotoluene, 2,4-dliodotoluene, 
3,5-dichlorotoluene, 3,5-dibromotoiuene, 3,5-diiodotoluene, 2,6-dichlorotoluene, 2,6-dlbromotoluene. 2,6-diiodotolu- 
ene.3.5-dimethylsulfonyloxytoluene. 2,6-dimethylsulfonyloxytoluene.2,4-dichloroben2otrifluoride,2,4-dibromoben20- 
trifluoride, 2.4-diiodobenzotrifluoride, 3,5-dichlorobenzotrifluoride, 3,5-dibromotrifluoride, 3,5-dliodobenzotrifiuoride, 
t,3-dibromo-2,4,5,6-tetrafluorobenzene, 2,4-dichlorobenzyl alcohol, 3,5-dichlorobenzyl alcohol, 2,4-dibromobenzyl al- 
cohol, 3,5-dibromobenzyl alcohol, 3,5-dichlorophenol, 3,5-dibromophenol, 3,5-dichloro-t-butoxycarbonyloxyphenyl. 
3,5-dibromo-t-butoxycarbonyloxyphenyl, 2.4-dichlorobenzoic acid. 3.5-dichlorobenzoic acid, 2,4-dibromobenzoic acid, 
sis-dibromobenzoic acid, methyl 2,4-dichiorDbenzoate, methyl 3,5-dichlorobenzoate, methyl 3,5-dibromobenzoate, 
methyl 2.4-dibromobenzoate, t-butyl 2,4-dichiorobenzoate, t-butyl 3,5-dichlorobenzoate, t-butyl 2,4-dibromobenzoate, 
and t-butyl 3,5-dibromobenzoate. Prefen-ed of them are m-dichlorobenzene, 2,4-dichlorotoluene, 3,5-dimethylsulfony- 
loxytoluene, and 2,4-dlchloroben20trlfluoride. 

[0031] Apart from the compounds represented by formula (II) or (III), o-dichlorobenzene, o-dibromobenzene, o-dil- 
odobenzene, o-dimethylsulfonyloxybenzene, 2.3-dichlorotoluene, 2,3-dibromotoluene, 2,3-diiodotoluene, 3,4-dichlo- 
rotoluene, 3,4-dibromotoluene, 3.4-diiodotoluene, 2,3-dimethylsutfonyloxybenzene, 3.4-dimethylsutfonyloxyben2ene, 
3.4-dichlorobenzotrifluoride, 3,4-dibrom6benzotrifluoride, 3,4-diiodobenzotrifluoride, 1 ,2-dibromo-3,4,5,6-tetrafluor- 
obenzene, 4,5-dichlorophthalic acid anhydride, etc, can also be used as a copolymerizable monomer. 




(IV) 



wherein R^i and R22, which may be the same or different, each represent an alkyl group or an aryl group, provided 
that at least one of R21 and m is an alkyl group; R^^. R^^ R^^^ R^^ R^^ R^®. R^^ and R^o. which may be the same 
or different, each represent a hydrogen atom, a halogen atom or a monovalent organic group; and R33 represents a 
halogen atom or a group of fomnula: -OSOgZ, wherein Z represents an alkyl group, a halogenated alkyl group or an 
aryl group. 

[0032] In formula (IV), the alkyl group as R21 or R22 includes a methyl group, an ethyl group, and a propyl group and 
the aryl group as R2^ or R22 includes a phenyl group, a p-fluorophenyl group, and a p-tolyl group. As for R^^^ ru^ r15^ 
Ri6^ Ri7, Ri8^ R19^ and R20, the halogen atom includes a fluorine atom; the monovalent organic group includes an 
alkyl group, e.g., methyl, ethyl or propyl, a halogenated alkyl group, e.g., trifluoromethyl or pentafluoroethyl, an aryl 
group, e.g.. phenyl, and an alkenyl group, e.g.. propylenyL As for 2, the alkyl group includes a methyl group, an ethyl 
group! and a propyl group; the halogenated alkyl group includes a trifluoromethyl group and a pentafluoroethyl group; 
and the aryl group includes a phenyl group, a p-fluorophenyi group, and a p-tolyl group, 

[0033] Examples of the compounds represented by formula (IV) are 2,2-bis(4-methylsulfonyloxyphenyl)propane, 
2,2-bis(4-methylsulfonyIoxy-3-methylphenyl)propane, 2,2-bis(4-methylsulfonyloxy-3-propenylphenyl)propane,2,2-bis 
(4-methylsulfonyloxy-3.5-dlmethylphenyl)propane. 2,2-bls(4-methylsulfonyloxy-3-fluorophenyl)propane, 2,2-bis 
(4-methylsulfonyloxy-3.5-difluorophenyl)propane. 2,2-bis(4-trifluoromethylsulfonyloxyphenyl)propane, 2,2-bls(4-trif- 
luoromethylsulforiyloxy-3-propenylphenyl)propane. 2,2-bis(4-phenylsulfonyloxyphenyl)propane, 2.2-bis(4-phenylsui- 
tonyloxy-3-methylphenyI)propane. 2,2-bis(4-phenylsulfonyloxy-3-propenylphenyI)propane, 2,2-bls(4-phenylsulfony- 
loxy-3,5-dimethylphenyI)propane, 2,2-bis(4-phenylsulfonyloxy-3-fluorophenyl)diphenylmethane, 2,2-bis(p-tolylsulfo- 
nyloxyphenyOpropane. 2,2-bis(p-totylsulfonyloxy-3-methylphenyl)propane. 2,2-bis(p-tolylsulfonyloxy-3-propenylphe- 
nyl)propane, 2,2-bis(p-tolylsulfonyloxy-3,5-dimethylphenyI)propane. 2,2-bls(p-tolylsulfonyloxy-3-methylphenyl)pro- 
pane, 2,2-bls(p-tolylsutfonyloxy-3,5-dimethylphenyl)propane, 2.2-bis(p-tolylsulfonyloxy-3-propenylphenyl)propane, 
bls(p-tolylsulf onyloxy-3-f luorophenyt)propane, bis(p-tolylsulfonyloxy-3,5-difIuorophenyl)propane, and 1 , 1 -bis(4-meth- 
ylsulfony loxyphenyl)-1 -phenylethane. . 
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Wherein R^^, R^^, R^^^ r16^ r17^ rib^ r19^ and R20, which may be the same or different, each represent a hydrogen 
atom; a halogen atom, an alky! group, a halogenated alkyi group or an aryl group; and represents a halogen atom 
or a group of formula: -OSOgZ, wherein Z represents an alkyl group, a halogenated alkyI group or an aryl group. 
[0034] Examples of the compounds represented by formula (V) Include 4,4'-dimethylsulfonyloxyblphenyl. 4,4'-dlbro- 
mobiphenyl, 4,4'-diiodobiphenyl, 4,4'-dimethylsulfonyloxy-3,3'-dlmethylbiphenyl, 4,4 '-dimethylsulfonyloxy-S.S'-difluor- 
oblphenyl, and 4,4'-dimethylsutfonyloxy-3.3',5,5Metrafluorobiphenyl. 



R23 r24 r27 r28 



30 




(VI) 



35 

Wherein R23, R2* R25, r26^ r27, r28^ r29^ and R^o each represent a hydrogen atom or an allyl group, provided that at 
least one of to R^ is an allyl group; and R^ represents a halogen atom of a group of fomiula: -OSO2Z, wherein 
Z represents an alkyl group, a halogenated alkyl group or an aryl group. 

[0035] Examples of the compounds represented by formula (VI) include 4,4'-dimethylsulfonyloxy-3,3'-dipropenylbi- 
40 ' phenyl, and 3,3-dipropenyl-4,4'-bis(4-fluorophenylsulfonyloxy)biphenyl. 

[0036] In the compounds represented by fonnulae (V) and (VI), the group R^ Is preferably present at the p-positioh. 
[0037] Where the compound of fomiula (I) is copolymerized with the compound of formula (II), the former is usually 
used in a proportion of 60 to 95 mol%, and the latter 5 to 50 mol%. 

[0038] Where the compound of formula (I) Is copolymerized with the compound of formula (II I), the fonner Is usually 
45 used in a proportion of 50 to 95 mol%, preferably 55 to 85 mol%, and the latter is usually used In a proportion of 5 to 
50 mol%, preferably 1 5 to 45 mol%. If the proportion of the compound of formula (III) exceeds 50 mol%. disadvantages 
such that the resulting polymer has insufficient molecular weight tend to result. If it is less than 5 mol%, the resulting 
polymer tends to fall to have sufficient solvent resistance as Intended. 

[0039] In copolymerizing the compound of formula (I) with the compound of formula (IV), the former is usually used 
so in a proportion of 50 to 95 mol%, and the latter 5 to 50 mo!%. If the proportion of the compound of fomiula (IV) exceeds 
50 mol%, disadvantages such that the resulting polymer has Insufftelent molecular weight tend to result If It Is less 
than 5 mol%, the resulting polymer tends to fall to have sufficient solubility as intended or sufficient solvent resistance 
as Intended. 

[0O4O] In copolymerizing the compound of formula (I) with the compound of formula (V), the former is usually used 
55 in a proportion of 75 to 95 mol%. preferably 80 to 95 mol%, and the latter is usually used In a proportion of 5 to 25 
mol%, preferably 5 to 20 mol%. If the proportion of the compound of formula (V) exceeds 25 mol%, disadvantages 
such that the resulting polymer has insufficient solubility can result. If it is less than 5 mol%, the resulting polymertends 
to fail to have sufTicient solvent resistance as intended. 
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[0041] In copolymerizing the compound of fonrtula (I) with the compound of fonnula (VI), the fomner is usually used 
in a proportion of 50 to 95 mol%, preferably 60 to 95 moP/o, and the latter is usually used In a proportion of 5 to 50 
mol%, preferably 5 to 40 mol%. If the proportion of the compound of formula (VI) exceeds 50 mol%. disadvantages 
such that the resulting polymer has insufficient molecular weight and solubility can result. If It is less than 5 mol%, the 

5 resulting polymer tends to fail to have sufficient solvent resistance as intended. 

[0042] The catalyst system which can be used in the production of the phenylene-containing polymer of the present 
Invention contains a transition metal compound. The catalyst system essentially comprises (1) a combination of a 
transition m^tal salt and a ligand or a transition metal (or salt) having a ligand coordinated thereto and (2) a reducing 
agent. The catalyst system may further contain a salt to increase the rate of polymerization. 

10 [0043] The transition metal salt includes nickel compounds, such as niclce! chloride, nickel bromide, nickel iodide, 
and nickel acetylacetonate; palladium compounds, such as palladium chloride, palladium bromide, and palladium io- 
dide; iron compounds, such as iron chloride, Iron bromide, and iron iodide; and cobalt compounds, such as cobalt 
chloride, cobalt bromide, and cobalt iodide. Prefen-ed among them are nickel chloride and nickel bromide. 
[0044] The ligand includes triphenylphosphine, 2,2'-bipyridine, 1 ,5-cyclooctadlene, and 1 ,3-bls(diphenylphosphino) 

IS propane, with triphenylphosphine and 2,2'-bipyridine being preferred. These ligands may be used either individually 
or as a combination of two or more thereof. 

[0045] The transition metal (or salt) having a ligand coordinated thereto includes dl{triphenylphosphine)nickel chlo- 
ride, di(triphenylphosphine)nickel bromide, di(triphenylphosphine)nickel iodide, di(triphenylphosphlrie)nickel nitrate, 
2,2'rbipyridinenlckel chloride, 2.2'-bipyridinenickel bromide, 2,2'-bipyridinenickel iodide, 2,2'-bipyridinenickei nitrate, 
20 bis(1 ,5-cyclooctadiene)nickel, tetrakis(triphenylphosphine)nlckel, tetrakis{triphenylphosphite)nickel, and tetrakis 
(triphenylphosphine)palladium, with di(triphenylphosphine) nickel chloride and 2,2'-bipyridinenickel chloride being pre- 
ferred. 

[0046] The reducing agent to be used in the catalyst system of the present invention includes iron, zinc, manganese, 
aluminum, magnesium, sodium and calcium, with zinc and manganese being pretended. These reducing agents can 

25 be activated on contact with an acid or an organic acid. 

[0047] The salt which may be used in the catalyst system includes sodium compounds, such as sodium fluoride, 
sodium chloride, sodium bromide, sodium Iodide, and sodium sulfate; potassium compounds, such as potassium flu- 
oride, potassium chloride, potassium bromide, potassium Iodide, and potassium sulfate; and ammonium compounds, 
such as tetraethylammonium fluoride, tetraethylammonium chloride, tetraethylammonium bromide, tetraethylammoni- 

30 urn iodide, and tetraethylammonium sulfate. Sodium bromide, sodium iodide, potassium bromide, tetraethylammonium 
bromide and tetraethylammonium Iodide are pretended of them. 

[0048] The transition metal salt or transition metal (salt) having a ligand coordinated thereto is generally used in an 
amount of 0.0001 to 10 mol, preferably 0.01 to 5 mol, per mole of the compound of formula (I) or a monomer mixture 
of the compound of formula (I) and the compound represented by fomnulae (II) to (V) (hereinafter Inclusively refen-ed 

35 to as the total monomer"). If the amount of the transition metal component is less than 0.0001 mol, the polymerization 
reaction does not proceed sufficiently. If it exceeds 10 mol, the molecular weight is reduced. 
[0049] Where a combination of the transition metal salt and the ligand is used, the ligand Is usually used in an amou nt 
of 0.1 to 1 00 mol, preferably 1 to 10 mol, per mole of the transition metal salt: If the amount of the ligand is less than 
0.1 mol, the catalyst activity is insufficient. If It is more than 100 mol, the resulting polymer Is difficult to purify, 

40 [0050] The reducing agent is usually used in an amount of 0.1 to 100 mol, preferably 1 to 10 mol, per mole of the 
total monomer.lf the amount of the reducing agent is less than 0.1 mol, the polymerization reaction does not proceed 
sufficiently. If It is more than 1 00 mol, the resulting polymer is difficult to purify. 

[0051] In using a salt in combination with the above essential components, the salt is usually used in an amount of 
0.001 to 1 00 mol, preferably 0.01 to 1 mol,* per mole of the total monomer. If the amount is less than 0.001 mol, the 
45 effect in increasing the rate of polymerization is Insufficient. If It exceeds 100 mol, the resulting polymer Is difficult to 
purity. 

[0052] Polymerization solvents which can be used in the present invention include tetrahydrofuran, cyclohexanone, 
dimethyl sulfoxide, N,N-dimethylformamlde, N.N-dlmethylacetamide, 1-methyl-2-pynrolidone, Y-butyrolactone, and r 
butyrolactam. Tetrahydrofuran, N,N-dlmethylformamlde, N,N-dimethylacetamlde, and 1 -methyl-2-pyn'olidone are pre- 
50 f erred. It is preferred for these solvents to be dried thoroughly before use. 

[0053] The total monomer concentration in the polymerization system is usually from 1 to 1 00% by weight, preferably 
5 to 40% by weight. 

[0054] The polymerization is usually carried out at a temperature of 0 to 200*C, preferably 50 to 90*C, for a period 
of 0.5 to 1 00 hours, preferably 1 to 40 hours. 
55 [0055] The phenylene-containing polymer obtained by the process of the present Invention comprises not less than 
50 mol% of a repeating unit represented by formula (VII): 
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R2 1 
h 



(VII) 



wherein X represents a group of fonnula: -CYY'-, wherein Y and T, which may be the same or different, each represent 
a hydrogen atom, a halogenated alkyi group or an aryl group, or a fluorenylene group; and R\ R2, R3, R*. R^, R^, R7, 
and R8. which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group, a 
halogenated alkyl group, an allyl group or an aryl group, and having a weight-average molecular weight of 1 ,000 to 
1 ,000,000 on polystyrene conversion. 

[0056] The phenylene-containing polymer of the present Invention can consist solely of the repeating unit represented 
by fomnula (VII) (the unit content=1 00 mol%) or contain not more than 50 mol% of other repeating unlt(s) as described 
hereunder. 

[0057] Copolymerization of the compound of formula (I) and the compound of fonnulae (II) to (V) gives copolymers 
represented by formulae (VIII) to (X): 




(VIII) 



wherein X represents a group of formula: -CYY'-, wherein Y and Y\ which may be the same or different, each represent 
a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and R^ , R2, R3, R^, RS, R^, R^, 
and R8. which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group, a 
halogenated alkyl group, an allyl group or an aryl group; R^, R^o, and Ri2, which may be the same or different, 
each represent a hydrogen atom, a halogen atom, a hydroxy group or a monovalent organic group; and n and m each 
represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%. respectively, making a total of 100 mol%. 
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IL2 r5 



R6 



R.3 r4 r'7 , 



n 



r13 r17 r18 




20 



(IX) 



wherein X represents a group of foPDula: -CYV-, wherein Y and r, which may be the same or different, each represent 
a halogenated alkyi group, a hydrogen atom or an aryl group, or a fluorenylene group; and , R2, R3, R*, RS, R , R , 
and R8 which may be the same or different, each represent a hydrogen atom, a halogen atom, an allcyl group, a 
halogenated alky! group, an allyl group or an aryl group; R21 and R22, which may be the same or different each 
represent an alkyI group or an aryl group, provided that at least one of R^' and R22 is an alkyl group; R^*. R . 
F)16 Ri?^ Ri8^ R19_ and H^, which may be the same or different, each represent a hydrogen atom, a halogen atom or 
a monovalent organic group; and n and 1 each represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, 
making a total of 100 rnol%. 



41 



. R42 r45 




46 




wherein X represents a group of formula: -CYY'-. wherein Y and Y'. which may be the same or different, each represent 
a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and R^ R2. R3, R*. R5, R , R , 
and R8 which may be the same or different, each represent a hydrogen atom, a halogen atom, an allcyl group, a 
halogenated alkyi group, an allyl group or an aryl group; R^\ R*2. r43. r44, r45, r46, r47, and R^, which may be the 
same or different, each represent a hydrogen atom, a halogen atom or a monovalent organic group; and n and p each 
represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, making a total of 100 mo!%. 
[0058] In fonnulae (VII) to (X), It is preferred that X be -C(CF3)2-, 




or 
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(f luorenylene group) 



[0059] The phenylene-containing (co)polymer acx:ording to the present invention provides a filnn-forming material. 
The film-forming material of the present invention can be obtained by a method comprising melting the phenylene- 
containing (co)polymer in a powder form and-pressing or injection molding the molter^ polymer into film or a method 
comprising dissolving the phenylene-containing (co)polymer in a solvent, casting the polymer solution on a substrate 
or applying the solution to a substrate by spin coating, followed by baldng to remove the solvent. 
[0060] The powdered phenylene-containing (co)polymer can be melted by heating the polymer to a temperature 
higher than the softening point usually by 1 0 to 250«C, preferably by 40 to 1 50^C. 

[0061] Suitable solvents for dissolving the phenylene-containing (co)polymer include tetrahydrofuran, cyclohex- 
anone, dimethyl sulfoxide. N.N-dimethylformamide. N,N-dimethyIacetamide, 1-methyl-2-pyrrolidone, T^butyrolactone; 
ethylene glycol monomethyl ether, ethylene glycol dimethyl ether, ethylene glycol methyl ethyl ether, ethylene glycol 
monoethyl ether, methyl cellosolve acetate, ethyl cellosolve acetate, diethylene glycol monomethyl ether, diethylene 
glycol diethyl ether, diethylene glycol dimethyl ether, diethylene glycol ethyl methyl ether, diethylene glycol monoethyl 
ether diethylene glycol monobutyl ether, propylene glycol methyl ether acetate, propylene glycol ethyl ether acetate, 
toluene, xylene, methyl ethyl ketone, methyl amy! ketone. 4-hydroxyl-4-methyl-2-pentanone, ethyl 2-hydroxypropion- 
ate. methyl 2-hydroxy-2-methylpropionate, ethyl 2-hydroxy-2-methylpropionate, ethyl ethoxyacetate. ethyl hydroxya- 
cetate methyl 2-hydroxy-2-methylbutanoate, methyl 3-methoxypropionate, ethyl 3-methoxyproplonate. methyl 
3-ethoxyproplonate. ethyl 3-ethoxyproplonate. ethyl acetate, butyl acetate, methyl lactate, ethyl lactate, chloroform, 
and methylene chloride. Preferred of them are cyclohexanone. N,N-dimethylacetamide, 1-methyl-2-pyrrolidone. rbw 
tyrolactone. ethyl 3-ethoxypropionate, ethyl lactate, propylene glycol monomethyl ether acetate, ethylene glycol mo- 
noethyl ether acetate, and methyl amyl ketone. . 
[0062] The phenylene-containing (co)polymer is dissolved in the solvent In a concentration of 1 to 60 ^ by weigni, 
preferably 5 to 40% by weight. If the concentration is lower than 1% by weight, a film of sufficient thickness is hardly 
obtainable. If It Is higher than 60% by weight, the solution hardly spreads, falling to provide a unlfonn film. 
[0063] If desired, additives can be incorporated into the phenylene-containing polymer having the repeating unit of 
formula (VII) or represented by formulae (VIII) to (X). Suitable additives include sllane coupling agents, methylol mela- 
mine, and bonding aids and crosslinking agents such as triazene compounds. 

[0064] The phenylene-containing polymers produced by the process of the present invention are useful as an inter- 
layer dielectric film, a protective film, a low-refiective coating, an optical waveguide material, an anti reflection coating, 
a sealant, an alignment layer for liquid crystal display, a printed circuit board material, a gas-permeable film, and the 
like. They are partlculariy suited as an intertayer dielectric film and an optical material: 

Examples 

[0065] The present Invention will now be Illustrated in greater detail with reference to Examples, but It should be 
understood that the present invention is not limited thereto. Unless othenvise noted, all the percents and parts are by 
weight. In Examples measurements and evaluation were made as follows. 

1 ) Weight-Average Molecular Weight (Mw) 

[0066] Measured by gel-permeation chromatography (GPC) on polystyrene conversion. 

2) Temperature at 5% loss (Tdg) 

[0067] Measured by thermogravimetry at a rate of temperature rise of 1 0»C/min in a nitrogen atmosphere. 

3) Glass Transition Temperature (Tg) 

[0068] Measured by differential scanning calorimetry at a rate of temperature rise of 20'C/min. 
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4) Film-fonning Properties 

[0069] A polymer was dissolved In cyclohexanone (or 1 -methyl-2-pyrrolidone in Example 1 9) at a concentration of 
20%. The solution was applied to a glass substrate by spin coating and baked at 80X for 2 minutes, at 120*C for 2 
5 minutes, and finally at 1 60*C for 30 nriinutes (or 230"»C for 30 minutes in Example 1 9). The appearance of the resulting 
coat was observed with the naked eye. 

5) Dielectric Constant 

10 [0070] A coating film of a polymer was fonmed on a SUS substrate In the same manner as described in (4) above. 
A gold electrode was fomned thereon by vacuum deposition through a mask to prepare a specimen for measurement 
of relative dielectric constant. The electrostatic capacity was measured with an LCR meter, from which the dielectric 
constant e was obtained through equation: 



15 



e = C.d/eo-S 

wherein e is a dielectric constant; C is an electrostatic capacity; is a unit dielectric constant In vacuo; and S Is the 
area of the upper electrode at 1 MHz. 

6) Volume Resistivity 

[0071 ] Measured In accordance with JIS K6911 , except for using a specimen prepared by applying a polymer to a 
SUS substrate. 

7) Organic Solvent Solubility 

[0072] A powdered polymer was added to a test solvent In a concentration of 20%, and the dissolution behavior at 
23*^0 was observed with the naked eye. 

Test solvent 

[0073] 

35 NMP: 1-Methyl-2-pyrrolldone 

CHN: Cyclohexanone 

PGMEA: Propylene glycol 1 -monomethyl ether 2-acetate 



20 



25 



30 



40 



Standard of Evaluation 
[0074] 



A Completely dissolved 
B Partly dissolved 
<5 c Not dissolved 

8) Solvent Resistance 

[0075] A coating film prepared in Test Example hereinafter given was immersed In a test soh^ent at 23»C for 10 
50 minutes, and any change in appearance was obsen/ed with the naked eye. 

Test Solvent 

[0076] 

55 

NMP: 1-methyl-2i3yrroHdone 
DMSO: Dimethyl sulfoxide 

PGMEA: Propylene glycol 1 -monomethyl ether 2-acetate 
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Standard of Evaluation 

[0077] 

5 A No change 

B Peeling and swelling 
C Dissolution 



Example 1 

[00781 In a 500 ml-volume three-necked Hask equipped with a tube for Introducing argon gas and a thermometer 
were charged 7.5 g 6f sodium iodide. 1 .3 g of anhydrous nidkel chloride, 15.7 g of triphenylphosphlne. 45.8 g of zinc 
powder activated with acetic acid, and 49.2 g of 2,2-bis(4-methylsulfonyloxyphenyl)hexafluoropropane. The mixture 
was dried in vacuo for 24 hours, and the flask was filled with argon gas. In the flask was put 150 ml of dry N,N- 

15 dimethyiacetamlde. and the mixture was stirred at 70»C in an argon stream, whereupon the reaction mixture turned 
brown. The reaction was continued at 70»C for 20 hours. The reaction mixture was poured into a mixture of 500 ml of 
36% hydrochloric acid and 2000 ml of methanol, and the precipitate fonned was collected. 
[00791 The precipitate was suspended In chlorofomi and extracted with a 2N hydrochloric acid aqueous solution. 
The chlorofonn layer was poured into methanol, and the precipitate was collected and dried to obtain a white powdered 

20 polymer. The results of analysis and evaluation on the resulting polymer are shown in Table 2 below. 



Examples 2 to 11 



[0080] Polymers were produced in the same manner as in Example 1 , except for replacing the 2,2-bis(4-methylsul- 
25 fonyloxyphenyl)hexafluoropropane (49.2 g) with the monomer or monomers shown in Table 1 below The results of 
analysis and evaluation on the resulting polymers are shown in Table 2. 

Examples 12 and 13 

[0081] Polymers were produced in the same manner as in Example 1 , except for replacing the 2.2-bis(4^ethyl8ul- 
fonyloxyphenyl)hexafluoropropane (49.2 g) with the monomers shown in Tablet below. . , „ 

[00821 Ten grams of the resulting copolymer were put In a 300 ml-volume egg-plant flask equipped with a reflux 
condenser and a stirrer, and 0.5 g of p-toluenesulfonic add monohydrate and 220 g of toluene were added thereto, 
followed by stirring at 120»C for 3 hours. The reaction mixture was concentrated to about 50 mi. The concentrate was 
poured into rnethanoltorei)redpitate to giveawhite powdered polymer havingahydroxylgroup. The results of analysis 

and evaluation on the resulting copolymer are shown in Table 2. 
Example 14 

40 [0083] A polymer was produced in the same manner as in Example 1 . except for replacing the 2.2-bis(4-methylsul- 
fonyloxyphenyl)hexafluoropropane (49.2 g) with the monomers shown in Tablet below. 

[00841 In an egg-plant flask equipped with a stinBr were charged 10.9 g of potassium t-butqxide and 100 nil of 
dimethyl sulfoxide to prepare a unit omi solution. To the solutkjh was added 1 0 g of the resulting polymer, followed by 
stirring at 80»C for 4 hours. The reaction mixture was poured into a mixture of 250 ml of 0.5N hydrochloric acid and 
45 500 ml of methanol. The precipitate thus fomied was collected, dissolved in 100 ml of chloroform, washed twice with 
2N hydrochloric acW and then once with pure water, and reprecipltated in methanol to obtain a white powdered polymer 
having a carboxyl group. The results of analysis and evaluation on the resulting polymer are shown in Table 2. 



30 



35 



50 



55 



Example 15 



[00851 In a 500 ml-volume thre^necked flask equipped with a tube for introducing argon gas and a themiometer 
were charged 7.5 g of sodium iodide, 1 .3 g of anhydrous nickel chloride, 1.5.7 g of triphenylphosphlne, 45.8 g of zinc 
powder activated with acetic acid, and 2,2-bi8(4^nethylsulfonyloxyphenyl)hexafluoropropane of the amount shown in 
Table 1 The mixture was dried in vacuo for 24 hours, and the flask was fifled with argon gas. In the flask was put 150 
ml of dry N N-dimethylacetamlde, and the mixture was stirred at 70»C in an argon stream, whereupon the reaction 
mixture tunied brown. 2,4-Dichloroben20trifluoride in the amount shown in Table 1 was put in the flask by means of a 
syringe, and the reaction was continued at 70''C for 20 hours. The reaction mixture was poured into a mixture of 500 
ml of 36% hydrochloric acid and 2000 ml of methanol, and the precipitate formed was collected. 
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r00861 The precipitate was suspended in chloroform and extracted with a 2N hydrochloric acid aqueous solution. 
The chloroform layer was poured into acetone, and the precipitate was collected and dried to obtain a white powdered 
polymer. The results of analysis and evaluation on the resulting polymer are shown in Table 2 below. 



Examples 1 6 to 1 8 



[0087] Polymers were produced in the same manner as In Example 15, except for using the monomers shown in 
Table 1 . The results of analysis and evaluation on the resulting copolymers are shown in Table 2 below. 

Example 19 

[0088] In a 500 ml-volume three-necked flask equipped with a tube for introducing argon gas and a thermometer 
were charged 7.5 g of sodium Iodide. 1 .3 g of anhydrous nickel chloride. 15.7 g of triphenylphosphine. 45.8 g of zinc 
powder activated with acetic acid, and 50.7 g of 9.9-bis(methylsutfonyloxyphenyl)fluorene. The mixture was dried in 
vacuo for24 hours, and the flask was filled with argon gas. In the flask was put 150 ml of dry N.N-dimethylacetamide. 
and the mixture was stirred at 70»C in an argon stream, whereupon the reaction mixture turned browru The reaction 
was continued at 70'C for 20 hours. The reaction mixture was poured Into a mixture of 500 ml of 36% hydrochloric 
acid and 2000 ml of methanol, and the precipitate formed was collected. 

[0089] The precipitate was suspended in chlorofomn and extracted with a 2N hydrochloric acid aqueous solution. 
The chloroform layer was poured into acetone, and the precipitate was collected and dried to obtain a white powdered 
polymer. The results of analysis and evaluatton on the resulting polymer are shown in Table 2 below. 

Example 20 

r0090] A polymer was produced in the same manner as in Example 1 9, except for replacing the 9,9-bls(methylsul- 
fonyloxyphenyl)fluorene (50.7 g) with the monomers shown in Table 1 . The resute of analysis and evaluation on the 
resulting copolymers are shown in Table 2 below. 
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TABLE 2 





Example No. 


Mw 




Tgrc) 


E 


Solubility 


5 












NMP 


cHN 


PGMEA 




1 


34700 


533 


251 


2.2 


A 


A 


A 




2 


16600 


511 


266 


2.3 


A 


A 


A 




3 


9600 


549 


234 


2.4 


A 


A 


A 


10 


4 


25B00 


505 


239 


2.3 


A 


A 


A 




5 


25200 


501 


230 


2.3 


A 


A 


A 




6 


20800 


470 


• 


2.3 


A 


A 


A 


15 


7 


281 00 


521 


186 


2.4 


A 


A 


A 




8 


14400 


514 


198 


2.3 


A 


A 


A 




9 


15200 


502 


210 


2.3 


A 


A 


A 




10 


11800 


493 


205 


2.4 


A 


A 


A 


20 


11 


43300 


517 


230 


2.3 


A 


A 


A 




12 


20500 


512 


242 


2.3 


A 


A 


A 




13 


25900 


510 


235 


2.4 


A 


A 


A 


25 


14 


12500 


511 


233 


2.3 


A 


A 


A 




15 


20000 


517 


215 


2.2 


A 


A 


A 




16 


14400 


462 


183 


2.3 


A 


A 


A 


30 


17 


23400 


567 


>350 


2.4 


A 


A 


C 


18 


25200 


553 


>350 


2.4 


A 


A 


C 




19 


21800 


576 


>350 


2.4 


A 


B 


C 




20 


20100 


563 


>350 


2.4 


A 


A 


c 



Note: * undetected. 



[0091 ] In all of Examples 1 to 20 the polymer had a volume resistivity of 1 0^® ft-cm^ or higher and showed satisfactory 
film-fonning properties. 

40 9) IR Analysis 

[00921 The polymers obtained In Examples 1 to 20 were analyzed by IR absorption spectrum by KBr tablet method. 
The results obtained are shown in Figs. 1 through 20. 

45 Test Example 1 

[0093] A hundred parts of the polymer obtained in Example 6, 5 parts of 2,5-dimethyI-2,5-di(t-butylperoxy)hexyn-3, 
and 1 part of 3-glycidyIoxypropyltrimethoxysilane were dissolved in 300 parts of propylene glycol 1 -monomethyl ether 
2-acetate. The resulting polymer composition was applied by spin coating onto a glass substrate to a thicl<ness of 3 
50 Jim and balced at 80^C and then 120'C for 2 minutes each and finally baked in a nitrogen stream at 250'*C for 30 
minutes to obtain a transparent coating film. The coating film was evaluated to obtain the results shown In Table 3 below. 

Test Example 2 

55 [0094] A hundred parts of the polymer obtained in Example 8. 40 parts of Cymel 300 (produced by Mitsui-Cytec, 
Ltd.), and 1 part of 3-glycidyloxypropyltrimethoxysnane were dissolved in 300 parts of propylene glycol 1-monomethyI 
ether 2-acetate. The resulting polymer composition was applied by spin coating onto a glass substrate to a thickness 
of 3 Jim and baked at 80*C and 1 20*C for 2 minutes each and finally at 230*C for 30 minutes to obtain a transparent 
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coating film. The coating film was evaluated to obtain the results shown in Table 3. 

Test Examples 3 to 8 

[0095] A coating film was prepared in the same manner as in Test Example 2, except for using the polymer shown 
in Table 3. The results of evaluation are shown in Table 3. 

TABLE 3 



Test Example No. 


Polymer 


Dielectric Constant 


Solvent Resistance 


NMP 


DMSO 


PGMEA 


1 


Ex.6 


2.4 


A 


A 


A 


2 


Ex. 8 


2.5 


A 


A 


A 


3 


Ex.9 


2.5 


A 


A 


A 


4 


Ex.10 


2.5 


A 


A 


A 


5 


Ex.11 


2.5 


A 


A 


A 


6 


Ex.12 


2.5 


A 


A 


A 


7 


Ex. 13 


2.5 


A 


A 


A 


8 


Ex. 14 


2.5 


A 


A 


A 



Industrial Applicability 

[0096] In the present invention, a monomer prepared by sulfonating an economically available bispheno! compound 
is polymerized in the presence of a transition metal catalyst. There is produced through an economical process a 
polymer satisfying the requirements of heat resistance, low dielectric properties, and processabllity. Further, the poly- 
mer provides a highly transparent film. I 
[0097] Where the above-mentioned monomer is copolymeiized with a dlhalo- or bissulfonate compound having a 
reactive functional group or a precursor thereof, copolymers exhibiting solvent resistance and adhesion in addition to 
the above characteristics can be obtained. 



Claims 

1 . A process for producing a phenylene-containing polymer comprising polymerizing a monomer comprising 
than 50 mol% of a compound represented by formula (I): 




wherein X represents a group of fonnula: -CYV-, wherein Y and Y\ which may be the same or different each 
represent a halogenated alkyl group, a hydrogen atom or an aryl group, or a fiuorenylene group; R^, R2, R . R*. 
R5, R6, R7, and R^, which may be the same or different, each represent a hydrogen atom, a halogen atom, an 
all^l group, a halogenated allcyl group, an allyl group or an aryl group; and Z represents an alkyl group, a halo- 
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genated alkyt group or an aryl group, 

in the presence of a catalyst system containing a transition metal compound. 

2. The process according to claim 1 , wherein said monomer comprises 60 mol% or more of the compound represented 
5 by fomriula (I). 

3. The process according to claim 1 , wherein said monomer comprises 80 mol% or more of the compound represented 
by formula (I). 

10 4. The process according to claim 1 , wherein said monomer consists solely of the compound represented by fomnula 
(1). 

5. The process according to claim 1 , wherein said monomer comprises two or more kinds of the compound repre- 
sented by fomnula (I). 

IS 

6. The process according to claim 1 , wherein said monomer comprises 50 to 95 mol% of the compound represented 
by formula (I) and 5 to 50 mot% of a compound represented by formula (II): 



r9 RIO 



25 




{II) 



30 

Wherein R^, R^°. and R^^^ y|,hich may be the same or different, each represent a hydrogen atom, a halogen 
atom, a hydroxy, group or a monovalent organic group; and R^^ represents a halogen atom or a group of formula: 
-OSO2Z, wherein Z represents an alkyi group, a halogenated alkyi group or an aryl group. 

35 7. The process according to claim 6, wherein at least one of R®, R"***, R", and R^z in formula (I!) is a monovalent 
reactive group or a precursor thereof. 

8. The process according to claim 7, wherein said monovalent reactive group or a precursor thereof is selected from 
the group consisting of a hydroxy! group, a carboxyl group, an allyl group, and an alkoxycart^onyloxy group. 

40 

9. The process according to claim 1 , wherein said monomer comprises 50 to 95 mol% of the compound represented 
by fomnula (I) and 5 to 50 mol% of a compound represented by formula (III): 



45 



50 




(111) 



55 wherein R^, R^^, R''^ and H^^, which may be the same or different, each represent a hydrogen atom, a halogen 

atom, a hydroxy I group or a monovalent organic group; and R^ represents a halogen atom or a group of formula: 
-OSO2Z, wherein Z represents an alkyi group, a halogenated alkyi group or an aryl group. 



19 



EP09S6312B1 

10. The process according to claim 9, wherein at least one of R". R". R", and in formula (III) is a monovalent 
reactive group or a precursor thereof. 

1 1 . The process according to claim 1 0, wherein said monovalent reactive group or a precursor thereof is selected from 
the group consisting of a hydroxyl group, a carboxyl group, an allyl group, and an alkoxycarbonyloxy group. 

12. The process according to claim 1 , wherein said monomer comprises 50 to 95 mol% of the compound represented 
by formula (I) and 5 to 50 mol% of a compound represented by fomiula (IV): 



13 



.14 



.17 



18 




(IV) 



wherein R2' and R22. which may be the same or different, each represent an alkyi group or an aryl group, provided 
that at least one of R2i and R22 is an alkyI group; R«. R1*, R^^, r16. ri7. ris. ri9, and R20, which may be the 
same or different, each represent a hydrogen atom, a halogen atom or a monovalent organic group; and R 
represents a halogen atom or a group of formula: -OSOaZ. wherein Z represents an alkyI group, a halogenated 
alkyI group or an aryl group. 

13. The process according to claim 1 . wherein said monomer comprises 75 to 95 moRt of the compound represented 
by formula (I) and 5 to 25 mol% of a compound represented by fomnula (V): 




(V) 



wherein R^' R^*, R", Rl^, R^^. R^^. R^®. ^^^'^^ ""^V *® °'' f^if e^®"^' ®^°^ represent a hydrogen 

atom, a halogen atom, an alkylgroup, a halogenated alkyI group or an aryl group; and r3* represents a group of 
formula: -OSO2Z. wherein Z represents an alkyI group, a halogenated alkyI group or an aryl group. 

The process according to claim 1 . wherein said monomer comprises 50 to 95 mol% of the compound represented 
by formula (I) and 6 to 50 mol% of a compound represented by fomiula (VI): 
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R^' -f- 



R23 r2« r2' r" 




34 



{VI ) 



R25. r26 r.29 r30 



wherein R^^ R», R^^, R^, B^, and R** each represent a hydrogen atom or an aliyl group, provided 

that at least one of R^'to R^o is an altyl group; and R3* represents a halogen atom or a group of fomiula: -OSOaZ. 
wherein Z represents an alkyl group, a halogenated alkyI group or an aryl group. 

15. The process according to any one of claims 1 to 14. wherein X is a group represented by formula: -CCCFaV; 

16. The process according to any one of claims 1 to 14. wherein X Is a group represented by fomiula: 




17. The process according to any one of claims 1 to 14. wherein X Is a fluorenylene group represented by formula: 




18. Afllm-fotmingmateriaicomprislngaphenyleneKJontaining polymer comprising not lessthan 50 mol%ofarepeating 
unit represented by fomiula (VII): 




Ri r2 r' r 



r3 r4 ir^ 1 



(VII) 



wherein X represents a group of fomiula: -CYT-. wherein Y and Y". which may be the same or different each 
represent a hydrogen atom, a halogenated alkyl group or an aryl group, or a fluorenylene group; and R'. R^. R . 
R*. RS. R6, R7. and R*. whteh may be the same or different, each represent a hydrogen atom, a halogen atom, an 
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alkyl group, a halogenated alky! group, an allyl group or an a^l group, 

and having a weight-average molecular v/eight of 1 ,000 to 1 ,000,000 on polystyrene conversion. 

19. The film-fonning material according to claim 18, wherein X in fonmula (VII) is a fluorenylene group represented by 
5 formula: 




t5 20. The film-fonning material according to claim 1 B, wherein X In fonmula (Vll) Is a group represented by formula: 



20 



25 




21. The film-forming material according to claim 18, wherein said polymer is represented by formula (VIII): 



so 



' r2 




i3 ^4 ^7 \8 ^11 \l 



m 



(VIII) 



40 



45 



50 



wherein X represents a group of fomnula: -CYY-, wherein Y and V, which may be the same or different, each 
represent a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and R^ R2, r3, 
R*, R5, R6, R7, and R^, which may be the same or different, each represent a hydrogen atom, a halogen atom, an 
alkyl group, a halogenated alkyl group, an allyl group or an aryl group; R®. R^**, and R^^, whfch may be the 
same or different; each represent a hydrogen atom, a halogen atom, a hydroxy group, or a monovalent organic 
group; and n and m each represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, making a 
total of 100 moI%, 

and has a weight-average molecular weight of 1 ,000 to 1 ,000,000 on polystyrene conversion. 

22. The fiim-fomiing material according to claim 21, wherein at least one of R«. R^o, R^^ and R^2 \^ a monovalent 
reactive group or a precursor thereof . 

23. The film-forming material according to claim 22, wherein said monovalent reactive group or a precursor thereof is 
selected from the group consisting of a hydroxyl group, a carboxyl group, an allyl group, and an alkoxycartDonyloxy 
group. 



55 24. The fllm-fomiing material according to claim 1 8, wherein said polynrier is represented by fonmula (IX): 
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(IX) 



wherein X represents a group of foimula: -CYT-, wherein Y and V, which may be the same or different, each 
represent a haiogenated alkyl group, a hydrogen atom or an aryl'group, or a fluorenylene group; and , R2, 0 . 

R5^ R6^ R7^ and R8. which may be the same or different, each represent a hydrogen atom, a halogen atom, an 
alkyl group, a haiogenated allcyl group, an ally! group or an aryl group; R21 and R22, which may be the same or 
different, each represent an alkyl group or an aryl group, provided that at least one of R2i and R22 is an alkyl group; 
R13 R14 Ri5^ pi6^ R17^ R18^ Ri9^ and R^o, which may be the sanrie or different, each represent a hydrogen atom, 
a halogen atom or a monovalent organic group; and n and 1 each" represent a mole fraction of 50 to 95 mol% and 
5 to 50 mol%, respectively, making a total of 1 00 mol%, ^ 

and has a weight-average molecular weight of 1 ,000 to 1 ,000,000 on polystyrene conversion. 
25. The film-fomiing material according to claim 18, wherein said polymer is represented by formula (X): 




R*^ R42 r45 



46 




(X) 



wherein X represents a group of formula: -CYT-, wherein Y and r, which may be the same or different, each 
represent a haiogenated allcyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and R^^ R , 
R43^ R44^ R45^ r46^ r47^ and R^, whlch may be the same or different, each represent a hydrogen atom, a halogen 
atom an alkyl group, a'halogenated alky! group, an allyl group or an aryl group; R13 R^*. R^^, ri6^ r17 ri8, r19, 
and R20 which may be the same or different, each represent a hydrogen atom, a halogen atom or a monovalent 
organic group; and n and p each represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, making 
atotalof 100mol%. 

and has a weight-average molecular weight of 1 ,000 to 1 ,000,000 on polystyrene conversion. 

26. An electrically insulating material comprising the film-forming material according to any one of claims 18 to 25. 

27. An optical material comprising the film-fomnlng material according to any one of claims 1 8 to 25. 



PatentansprQche 

1. Verfahren zur Herstellung eines Phenylen-enthaltenden Polymers, bei dem ein Monomer, das nicht weniger als 
50 Mol>% einer Verblndung der Forme! (I) 
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ZO2SO 



Rl' R2 R5 r6 
r3 R' 



OSO22 (I) 



umfasst worin X eine Gmppe der Fotmel -CYY- bedeutet, worin Y und r. die gleich oder unterschiedlich seln 
J^Jen iLeL^^^^^^^^^^ Alkylgruppe. ein Wasserstoffatom oder eine Arylgruppe oder eine FJiorenvJen- 

™rh!riP..tPt- Ri H2 R3 R* R5 R6 R7 und R8 die gleich Oder unterechledlidh seln kennen. Jewells em Was- 

e^^ZSHaiogenatom/e^ 

™ bedeuten und 2 eine Alkyigruppe. eine halogenierte Alkylgruppe oder eine Arylgruppe bedeutet. in Ge- 
genv^rt eines Katalysatorsystems. das eine Obergangsmetallverbindung enthfilt. polymensiert wird. 

Verf ahren nach Anspruch 1 , worin das IWIonomer 60 IWIol-% oder mehr der Vetbindung, die dutch Fonnel (I) dar- 
gestellt 1st, umfasst. 

Verfahren nach Anspruch 1 . worin das IWionomer 80 l^ol-% der Verbindung. die durch Formel (I) dargestellt ist, 
umfasst. 

Verfahren nach Arispruch 1. worin das H^onomer nur aus der Verbindung. die durch Formel (I) dargestellt Ist. 
besteht. 

verf ahren nach Anspruch 1. worin das Monomer zwei oder mehr Arten der Verbindung. die durch Fomiel (I) dar- 
gestellt ist, umfasst. 

verf ahren nach Anspruch 1 . worin das Monomer 50 bis 95 Mol-% der Verbindung. die durch Fomiel (1) dargestellt 
Ist und 5 bis 50 Mol-% einer Verbindung. die durch Fomiei (II) dargestellt ist 




umfasst worin R9, R". R" und R«. die gleich oder unterschiedlich seln k6nnen. jeweils eln Wasserstoffatorn. 
emSgenatom eine Hydroxylgruppe oder eine einwertigeorganischeGruppe bedeuten und R3ie.n Halogena- 
tom o^e?S Gmppe der Foinel:^S02Z. worin Z eine Alkylgruppe. eine hatogenierte Alkylgruppe oder e.ne 
ArylgruppiB bedeutet, darstellt. 

7. Verfahren nach Anspmch 6. worin mindestens eln Rest von R". R10, R" und R« In Fomiel (II) eine einwertige 
reaktive Gmppe oder ein VorlSufer davon ist. 

8 Verfahren nach Anspruch 7. worin die einwertige reaktive Gruppe oder ein Vortaufer davon aus der Gruppe Hy- 
droxylgruppe. Catboxylgruppe. Allylgkippe und Alkoxycaitonyloxygruppe gewShlt ist. 

9 Verfahren nach Anspruch 1 . worin das Monomer 50 bis 95 Mo|.% der Verbindung. die durch Fonnel (I) dargestellt 
ist und 5 bis 50 Mol-% eIner Verbindung. die dun* die Formel (III) dargestellt Ist 
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(III) 



umfasst, worin R^, Rio, Rii und R''^, die gleich oder unterschiedlich sein konnen, jeweils ein Wasserstoffatom, 
ein Halogenatom, elne Hydroxylgmppe oder eine einwertlge organlsche Gruppe bedeuten und R32 ein Halogena- 
torn Oder eine Gruppe der Formel -OSO2Z bedeutet, worin Z eine Allcylgruppe, eine halogenierte Alkylgruppe oder 
eine Aryigruppe bedeutet. 

10. Verfahren nach Anspruch 9, worin mindestens ein Rest von R^, R^o. R^^ und R12 |n Fomnel (III) eine einwertige 
reaktive Gruppe oder ein VorlSufer davon ist. 

1 1 . Verfahren nach Anspruch 1 0, worin die einwertige reaktive Gruppe oder ein Voriauter davon aus der Gruppe Hy- 
droxylgruppe, Cattoxyigruppe, Allyigruppe und Alkoxycarbonyloxygnjppe gewahtt ist. 

12. Verfahren nach Anspruch 1 , worin das I\flononner50 bis 95 IWoI-% der Vert3indung, die durch Formel (I) dargestellt 
ist und 5 bis 50 iy/!ol-% einer Vertjindung, die durch die Formel (IV) dargestellt Ist: 




(IV) 



umfasst, worin und R22, die gleich oder unterschiedlich seIn k6nnen, Jeweils eine Alkylgruppe oder eine Aryi- 
gruppe bedeuten, mit der MaBgabe, dass mindestens ein Rest von R^i und R22 eine Alkylgruppe ist; R^^, R^^ 
R'ls, R16^ Ri7^ Ri8^ R19 und R^o, die gleich oder unterschiedlich sein konnen, jeweils ein Wasserstoffatom, ein 
Halogenatom oder eine einwertige organische Gmppe bedeuten und R^ ein Halogenatom oder eine Gmppe der 
Formel-OSOgZ bedeutet, worin Z eine Alkylgruppe, eine halogenierte Alkylgmppe oder eine Arylgmppe bedeutet. 

1 3. Verfahren nach Anspruch 1 , worin das Monomer 75 bis 95 IVIol-% der Veriaindung, die durch Fomiel (I) dargestellt 
Ist und 5 bis 25 Moi-% einer Verbindung, die durch Fonrnel (V) dargestellt Ist: 



R13 Rl7 r18 




umfasst, worin R^^, R^^, R^^^ ri6^ ri7^ ri8^ ri9 ypd R20^ die gleich Oder unterschiedlich sein k6nnen, jeweils ein 
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Wasserstoffatom,einHaIogenatom. erne Alkylgmppe.einehalogenierteAIMgmppe Oder ein^ 

ten und R3* eine Gmppe der Fotmel -OSO2Z bedeutet. worin Z eine Alkylgruppe. e.ne halogen.erte Alkylgruppe 

Oder eine Arylgruppe bedeutet. 

14. Verfahren nach Anspruch 1 . worin das Monomer SO bis 95 Mo\-% der Verblndung. die durch Formel (I) dargestellt 
und 5 bis 50 Mol-% einer Vertiindung. die duroh die Fonriel (VI) dargestellt ist 



R23 r24 r27 J^2B 




(VI) 



,.„,f=cct «,nrinn23 r24 r25 r26 r27 r28_ r29 und R», Jewells oin Wassetstoffatom odor eine Allylgruppe bs- 
ruten mTtderL^gabe da;smi;^^^^^^^^ 

SeJerG^ppe der Formel OS02Zbedeute^worinZeineAllcylgruppe,e-.^^ 
Arylgruppe bedeutet. 

15. Verfahren nach einem der Anspruohe 1 bis 14. worin X eine Gruppe bedeutet. die durch die Fom^el -C{Cf^- 
dargestelit ist. 

16. Verfahren nach einem der Anspiflche 1 bis 1 4. worin X eine Gruppe ist. die durch die Fomiel: 



CF3 




dargesteiit 1st. 

17. Verfahien nach einem der AnsprQche 1 bis 14. worin X eine Fluorenyiengruppe ist. die durch die Fomiel: 




dargestellt ist. 

18. Filmbildendes Material, das ein Phenylen-enthaltendes Polymer umfasst. das nicht wenlger als 50 Mol-% einer 
Wiederholungseinhelt. die durch Formel (XII) dargestellt ist: 
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(VII) 



umfasst worin X eine Gruppe der Formel -CYT- darstellt. worin Y und Y. die glech oder untersch«dhch sein 
kS^ jrweite ein WasseSoffatom. eine halogenierte Alkylgruppe oder eine A-ylgruppe oder e.ne Fluorenylen- 
nmnnr hPdeuten- Ri R2 R3 R* R5 R6 und R6. die gleioh Oder unterschiedlich sein k6nr»en, jeweils em 
Cr^toSll'^nH^^^^^^^ AlKylgruppe. eine Ai^lgruppe odereir,e 

Jni' erSwteMsmMieres Molelculargcwicht von i .000 bis 1.000.000 auf Polystyiolumwandlung aufweist. 

19. Filmbildendes Material naoh Anspruch 18. worin X In Formel (VII) eine Fluorenylengruppe ist. die durch Formel: 




dargesteflt ist. 

20. RImbildendes Material nach Anspruch 18. worin X In Formel (VII) eine Gruppe Ist. die durch Formel: 




dargestellt Ist. 

21. Filmbildendes Material nach Anspruch 18. worin das Polymer durch Fom^el (VIII) dargestellt ist: 
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10 



r1 " r2 R-^ 



R • R 




(VIII) 



worin X eine Gruppe der Formel: -CYY'- darstellt, worin Y und r. die gleich oder unterschiedllch sein konnen, 
Jewells eine halogenierte Alkylgruppe, ein Wasserstoffatom oder eine Arylgruppe oder eine Fluorenylengruppe 

15 bedeuten; R1, FP, R3, FK, RS, RS, R7 und RB, die gleich oder unterschiedllch seIn konnen, jeweils ein Wasser- 
stoffatom, ein Halogenatom, eine Alkylgruppe, eine halogenierte Alkylgruppe. eine Allylgruppe oder eine Arylgrup- 
pe bedeuten: R^, R^o, H^^ und H^^, die gleich Oder unterschiedllch sein kSnnen, Jeweils ein Wasserstoffatom, eine 
Halogenatom. eine Hydroxylgruppe oder eine einwertige organische Gruppe bedeuten und n und m jeweils eine 
Molfraktion mlt 50 bis 95 Mol-% bzw. 5 bis 50 Mol-% bedeuten, wobel insgesamt 100 Mol-% herauskommen, und 

20 ein gewtehtsmlttieres Molekuiargewteht von 1 .000 bis 1 .000.000 auf Polystyrolwandlung aufweist 

/- 

22. Fllmbildendes Material nach Anspruch 21 , worin mindestens ein Rest von R^, R'<o. R""^ und R^2 eine einwertige 
reaktive Gruppe oder ein VortSufer davon ist 

25 23. nimbildendes Material nach Anspruch 22. worin die einwertige reaktive Gruppe oder ein Voriauf er davon aus der 
Gnippe Hydroxylgruppe, CartDoxylgruppe, Allylgruppe und Alkoxycarbonyloxygruppe gewahit 1st. 

24. nimbildendes Material nach Anspruch 18, worin das Polymer durch Formel (IX) dargestellt Ist: 



30 




(IX) 



40 



45 



50 



worin X eine Gruppe der Formel: -CYY'- darstellt, worin Y und Y', die gleich oder unterschiedlich sein konnen, 
jeweils eine halogenierte Alkylgruppe, ein Wasserstoffatom oder eine Arylgmppe oder eine Fluorenylengruppe 
bedeuten; R^ R^, R3, R*, R^, R®, R^ und R^, die gleich oder unterschiedlich sein konnen, jeweils ein Wasser- 
stoffatom,' ein Haiogenatom, eine Alkylgruppe, eine halogenierte Alkylgruppe, eine Allylgruppe oder eine Arylgmp- 
pe bedeuten; R^i und R22, die gleich oder unterschiedlich sein konnen, Jewells eine Alkylgruppe oder eine Aryl- 
gruppe bedeuten, mlt der MaSgabe, dass mindestens ein Rest von R2i und R22.eine Alkylgruppe ist; R'«3, R''^ 
Ri5^ R16, R17, Ri8^ R19 ynd R^o, die gleich oder unterschiedlich sein kfinnen, jeweils ein Wasserstoffatom, ein 
Halogenatom oder eine einwertige organische Gruppe bedeuten; und n und 1 Jeweils eine Molfraktion mlt 50 bis 
95 Mol-% bzw. 5 bis 50 Mol-% bedeuten. wobei insgesamt 100 Mol-% herauskommen, 
und ein gewtehtsmlttieres Molekulargewicht von 1 .000 bis 1.000.000 auf Polystyrolumwandlung aufweist. 



25. nimbildendes Material nach Anspruch 18. worin das Polymer durch Formel (X) dargestellt 1st: 



55 
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*l r42. b45 r-46 




(X) 



worin X eine Gruppe der Formel: -CYY'- darstellt, worin Y und r, die gleich oder unterschiedlich sein konnen, 
jeweils eine halogenlerte Alkylgmppe, ein Wasserstoffatom oder eine Arylgruppe oder eine Fluorenylengruppe 
bedeuten; und R^, R*^, R**, R^. R^, R*^ und R^, die gleich oder unterschiedlich sein iconnen, jeweils ein 
Wasserstoffatom, ein Halogenatom, eine Alkylgruppe, eine halogenierte Alkylgruppe, eine Allylgruppe oder eine 
Arylgruppe bedeuten; R^^, R^*, R^^^ ri6^ r17^ ri8^ ri9 ynd R20, die gleich oder unterschiedlich sein konnen, 
Jewells ein Wasserstoffatom, ein Halogenatom oder eine einwertige organische Gruppe bedeuten und n und p 
Jewells eine Molfraktion mit 50 bis 95 Mol-% bzw. 5 bis 50 Moi^% bedeuten, wobei Insgesamt 100 Mol-% heraus- 
kommen, 

und ein gewlchtsmlttleres Molekulargewtoht von 1 .000 bis 1 .000.000 auf Polystyrolumwandlung aufweist. 

26. Elektrisch isolierendes Material, das das fiimbildende Material nach einem der Anspruche IB bis 25 umfasst. 

27. Optisches Material, das das fiimbildende Materia! nach einem der Anspruche 18 bis 25 umfasst. 



Revendicatlons 



1. Proc6d6 pour la production d'un polym^re contenant un groupe ph6nylfene comprenant la polymerisation d'un 
monomSre comprenant pas moins de 50% en moles d'un compos6 repr6sent6 par la formula (I): 



ZOjSO 



dans laquelle X repr6sente un groupe de formule: -CYY'-, dans laquelle Y et r. qui peuvent dtre identiques ou 
diff6rents, repr6sentent chacun un groupe alkyle halog6n6, un atome d'hydrogfene ou un groupe aryle, ou un 
groupe fiuor6nyl6ne; R\ R2, R^, R*. R*. R^, R7 et R8, qui peuvent 6tre identiques ou dlff6rents, repr6sentent 
chacun un atome d'hydrog^ne, un atome d'halog§ne, un groupe alkyle, un groupe alkyle halog§n6, un groupe 
allyle ou un groupe aryle; et Z repr6sente un groupe allcyle, un groupe alkyle halog6n6 ou un groupe aryle, 
en presence d'un systfeme catalylique contenant un compose d'un m6tal de transition. 

2. Precede salon la revendicatlon 1, dans lequel ledit monomfere comprend 60% en moles ou plus du compose 
represente par la formule (I). 

3. Precede selon la revendication I. dans lequel ledit monomfere comprend 80% en moles ou plus du compose re- 
presente par la fomnule (I). 

4. Precede selon la revendication 1 . dans lequel ledit monomfere est constltu6 uniquement du compose represente 
par la formule (I). 

5. Precede selon la revendication 1 . dans lequel ledit monomfere comprend au moins deux types de compose repre- 
sente parlafonmule (I). 
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6. Proc§d6 selon la revendication 1, dans lequet ledit monomfere comprend de 50 k 95% en moles du compos6 
reprSsente par la formule (I) et de 5 & 50% en moles d'un compost reprSsentt par la formule (II): 




(0) 



dans laquelle R" et R^^, qui peuvent Stre identiques ou dlff6rents. reprisentent chacun un atome d-hy- 

drogfene. un atome d'halogfene, un groupe hydroxy ou un groupe organique monovalent; et reprfeente un 
atome d-halogfene ou un groupe de fomiule: -OSOjZ, dans laquelle Z reprSsente un groupe alkyle. un groupe 
alkyle halogind ou un groupe aryle. 

7. Proc6d6 selon la revendication 6, dans lequel au moins un des greupes R» R«. R" et R« dans la fomnule (II) 
est un groupe riactif monovalent ou un de ses pr6curseurs. 

8 Proc6d6 selon la revendication 7. dans lequel ledit groupe r6actlf monovalent ou un de ses prteurseurs est choisi 
dans le groupe constitu6 par un groupe hydroxy, un groupe caitoxyle. un groupe allyle et un groupe alooxycar- 
bonyloxy. 

9. Proc6d§ selon la revendication 1 , dans lequel ledit monomfere comprend de 50 k 95% en moles du compos6 
represents par la fonnule (I) et de 5 & 50% en moles d'un compos§ represents par la formule (III): 




(HO 



dans laquelle R9. R^", R" et R«. qui peuvent 6tre Identiques ou diffSrents, reprSsentent chacun un atome d^hy- 
drogfene, un atorne d-hatogfene. un groupe hydroxy ou un groupe organique monovalent: et R32 reprSsente un 
atome d'halogfene ou un groupe de formule: -OSOaZ. dans laquelle Z reprSsente un groupe alkyle, un groupe 
alkyle halog6n6 ou un groupe aryle. 

10. Proc6d6 selon la revendication 9. dans lequel au moins un des groupes R9. R«, R^i et R" dans la fonnule (ill) 
est un groupe rSacUf monovalent ou lih de ses pr^curseurs. 

1 1 Proc6d6 selon la revendication 1 0. dans lequel ledit groupe rSactlf monovalent ou un de ses prfcurseurs est choisi 
dans le groupe constitufi par un groupe hydroxy, un groupe carboxyle. un groupe allyle et un groupe alcoxycar- 
bonyloxy. 

12. Proc§d§ selon la revendication 1, dans lequel ledit monomfere comprend de 50 fe 95% en moles du composfe 
reprfesentfe par la fonnule (I) et de 5 fe 50% en moles d'un composfe reprfesentfe par la fonmule (IV): 
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dans laquelle R^^ et R^^. qui peuvent Stre identiques ou diff^renls, repr^sentent chacun ""f J, 
groupe aryle. ft condition qu'au moins un des R^^ et soit un groupe allcyle; Ri3. R^*. R«, R«, R ■ " • " 
et r" 0. quTpeuvent 6tre Identiques ou diff6rents. reprfeentent chacun un atome d'hydrogfene. un f 
ou un groupe organique monovalent; et R33 repr6sente un atome d-halogfene ou un groupe de fonr^ule. -OSOjZ. 
dans laquelle Z repr6sente un groupe alkyle, un groupe alkyle halog6n6 ou un groupe aiyle. 

13. ProcM& selon la revendication 1. dans lequel ledtt monomfere comprend de 75 6 95% en moles du compos* 
represent* par la formule (0 et de 5 ft 25% en moles tfun composS reprteentS par la foitnule (V): 




14. 



(V) 



dans laouelle R" R1* R«. R«. R". R^". R^" « R». qui peuvent §tre identiques ou diff6rents, reprSsentent 
cSZun un afome d'hyd"roge;e, un atome d'halogfene. un groupe allcyle. un groupe alkyle halog6n6 ou un groupe 
a?/Teret Tp^sen^ "n groupe de formule: -OSO^Z. dans laquelle Z represents un groupe alkyle. un groupe 
alkyle halogdn* ou un groupe aryle. 

Proc6d6 selon la revendication 1. dans lequel ledit monomfere comprend de 50 a 95% en nioles du compos6 
repr6sent6 par la formule (I) et de 5 & 50% en moles d-un compos6 repr6sent6 par la fomiule (VI): 



Rf R" R R 




Hone lannoiip R23 R24 R25 R26 R» rzb. r29 et rm repr6sentent chBcuh un atome d'hydrogfene ou un groupe 
S^trlonqulum^id^esgroupesR^.^ 

:7l „ li^„xa. j^snj dans laaueiie Z reordsente un groupe alkyle, un groupe alkyle halog6n6 ou 



ne ou un groupe 
un groupe aryle. 



15. Proc6d6selonrunequelconquedesrevendications l M 4. dans lequel X est un groupe represents par la fomiule : 
-C(Ci:3)2-. 

16. Proc6d6 selon I'une queteonque des revendications 1 & 14. dans lequel X est un groupe ,epr6sent6 par lafomnule: 




17. Proc6d6 selon I'une queteonque des revendteatlons 1 & 14. dans lequel X est un groupe fluor6nyl6ne represent* 

par ia formule: 
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18. Mat§rlau filmogfene comprenant un polymfere contenant un groupe phenylene comprenant pas moins de 50% en 
moles d'un motif r6p6tltif repr6sent6 par la fomiule (VII): 

R» 

dans iaquelle X represente un groupe de formule: -CYY'-, dans laquelle Y et Y, qui peuvent §tre identlques ou 
dlffSrents, repr6sentent chacun un atome d'hydrogfene, un groupe alkyle halog6n6 ou un groupe aryle. ou un 
groupe fluor6nylfene; et R^ R2. R^, R^. RS, R6. R7 et R®. qui peuvent dtre identlques ou diff6rents, repr6sentent 
chacun un atome d'hydrogfene, un atome rfhalogfene, un groupe alkyle. un groupe alkyle halog6n6, un groupe 
allyle ou un groupe aiyle, 

et pr6sentant une masse mol6culalre moyenne en poids comprise entre 1 000 et 1 000 000 sur la base d'une 
conversion en polystyrene. 

19. Mat6rlau flmogfene selon la revendicatlon 18, dans lequel X dans la formule (VII) est un groupe fluor6nylfene re- 
prteent^ par la formule: 




20. Mat6riau fllmogfene selon la revendicatlon 18, dans lequel X dans la formule (VII) est un groupe repr6sent6 par la 
formule: 




21. Mat6riau filmog6ne selon la revendicatlon 18, dans lequel ledit polymfere est repr6sent6 par la formule (VIII): 
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dans laquelle X reprfeente un groupe de formule: -CYV-. dans laquelle Y et r . qu. peuvent etre .denfques ou 
diffSrents, repr6sentent chacun un groupe alkyle halog6n6. un atome d'hydrogfene ou un groupe anje ou un 
groupe fluor6nytene; et R1. R^. R3. R*. RS, R«. et RB, qui peuvent 6tre identiques ou drff6rente. repr6sentent 
?S un Ime d'hydrogfene. un atome d-halogfene. un groupe alkyle. un groupe alkyle halogfene un groupe 
alMe ou un groupe aryle; R^. R^o. R' et R". qui peuvent 6tre identiques ou diffirents. reprtsentent chacun un 
atome d-hydrog&ne, un atome d'halogfene, un groupe hydroxy ou un groupe organique monovalent; et n et m 
repr6sentent chacun une fraction molaire respectivement comprise entre 50 et 95% en moles et compnse entre 
5 et 50% en moles, pour un total 6gal& 100% en moles. 

et pr6sente une m^^e mol6culalre moyenne en poids comprise entre 1 000 et 1 000 000 sur la base d une con- 
version en polystyrfene. 

22. Mat6riau filmogfene selon la revendicatlon 21 . dans lequel au moins un des groupes R9 Ri". R" et Ri2 est un 
groupe r6acitif monovalent ou un de ses prteurseurs. 

23. Mat6riaufilmog6neselonlarevend.cation22.dan8lequelleditgrouper6actifmor,ovalertouundesesp 

est choisi dans le groupe constitu6 par un groupe hydroxy, un groupe carboxyle. un groupe allyle et un groupe 
alcoxycatbonyloxy. 

24. Mat6riau fflmogfene selon la revendication 1 8, dans lequel ledit polymfere est repr6sent6 par la formule (IX): 



(K) 




dans laquelle X represents un groupe de fomiule: -CYY'-. dans laquelle Y et r. qu. peuvent 6tre .denjqu^ ou 
different, repr^seStent chacun un groupe alkyle halog6n6. un atome d'hydrog^ne ou un g|^upe ^^l^^ -^. 
groupe fluor6nylfene; et R^ R^. R^ R*. R^. R«. R^ et R^. qui peuvent 6tre identiques ou diff6rente. repr6sentent 
chacun un atome d-hydrogfene, un atome tfhalog&ne. un groupe alkyle. un groupe alkyle halogSn*. un groupe 
albrle ou un gmupe aorle; R^i et R^^, qui peuvent 6tre identiques ou cliffSrents rBpr6sentent chacun un groupe 
Zte ou un imupe aryle. & condition qu'au moins un des groupes R^i et R^^ solt un groupe alkyle; R ^ 
R16 R17 R18 R19 et R* QuI peuvent 6tre identiques ou dlff6rents, repr6sentent chacun un atome d hydrogfene, 
un atom; d-hklogfene ou un groupe organique monovalent; et n et 1 repr6sentent chacun une fraction jndaire 
respectivement «)mprise entre 50 et 95% en moles et comprise entre 5 et 50% en moles, pour un total 6gal ft 

l?S2se"nteu!e masse mol6culaire moyenne en poids comprise entre 1 000 et 1 000 000 sur la base d-une con- 
version en polystyrfene. 

25. Mat6riau flimogfene selon la revendication 1 8. dans lequel ledIt polymfere est repr6sent6 par la f omiule (X): 




(X) 

48' p 



dans laquelle X repi^sente un groupe de fomiule: -CYY'-. dans laquelle Y et Y qui peuvent fetre Identiques ou 
diff6ren?s, repr6sentent chacun un groupe alkyle halog6n6. un atome d-hydrogline ou un g«>upe aryl«. ou un 
groupe fluorinylfene; et R*i. R*2. R^. R^. R*'', R^. R*^ et R«, qui peuvent 6tre identiques 
sentent chacun un atome d-hydrogfene, un atome tfhalogfene. un groupe alkyle, un groupe alkyle halog6n6. un 
g^Tpe alSJ^ou un groupe ar^e; R«. RU R15 Rie. r17. ris r19 et R20, qui peuvent 6tre identiques ou drff^ren s 
reprLntent chacun un atome d"hydrog6ne. un atome d'halogfene.ou un groupe organique monovalent; et n e tp 
repr6sentent chacun une fracOon molaire respectivement comprise entre 50 et 95% en moles et compnse entre 
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5 et 50% en moles, pour un total §gal & 1 00% en moles, 

et pr6sente une masse mol6culaire moyenne en poids comprise entre 1 000 et 1 000 000 sur la base tf une con- 
version en polystyrene. 

26, Mat6riau Isolant 6lectrique comprenant le mat6riau filmogfene selon I'une quelconque des revendications 18 6 25. 

27. Mat6riau optique comprenant le mat6riau filmogfene selon Pune quelconque des revendications 18 6 25. 
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